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ABSTPACfT 

f -This National Science Foundation (NSF) bulletin 

summarizes the NSF program of energy manpower studies that assessed 
^,he impact of pas^ energy developments* and iEuture options for ^ 
sci^nti.fic and technical manpower. This document summarizes the 
utilization of scientific 'personnel in energy-related activities in 
private industry in 1975 and shortages of technical persbnnel for 
energy^ related activities 'in private industry. Also, projected needs 
for sqience and engineering personnel in energy-related activities * 
are siimmariZGd. Graphs eynd charts are used to illustrate the 
discussions. Highlights of the report include: (.1) Numbers of 
baccalaureate degrees in mining, chemical, and petroleum engineering 
have increased in response to job market demand; (2) Projected* 
requitements for scientists and engineer's for 1985 io energy 
production are approximately 220,000; and (3) The energy production - 
•sector will not, according to projections, make greater proportionate 
demands on the supply of manpower as time passes. (MR) 
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Current and Future^ 
Utilization of Scientific 
and Technical Personnel in ^ 
Energy-Related Activities 



Introduction 

Current interest m scientilic and technical personnel 
for energy-related activities arises from natjonal 
recognition of the need to decrease reliance on 
imported energv supplies. This need \^as brought 
•forcibU to the forefront uitfitthe Arab oil embargo of 
October 1973 * 

The Projech'lndependence report' foresav^ substan- 
tial domestic- energv development and some concern 
has been expressed that the necessary research and 
development, contruction, and- operatii)n of such a 
program might possiblv strair^available scientific and 
technical personnel resx)urces 

CtJnscquentiy. the National Science Toundation 
undertook a program of energy manpower studie-^to 
assess the impact of past energy devdopmerrts and 
future options on scientific and technical manpower 

Impact Highlights 

• ^ ^ince^iy72 there lias been a trend in tightening ot 
the job^4»i«4.et lor personnel in energv-related 
activities In earlv 1977 there was evidence ot 



signilicant shortages ol mining, chemical, 'and 
petroleum engineers However, since 1975 the 
numbers ot baccalaureate degrees m these •fields 
have grown su+)stantiaHv, indicating that students 
are responding to th^ increased opportun^ies tor 
employment < \ 

For an\ one ot three assumed energ\-use scenarios 
for 1985. projected requirerpents tor scientists and 
engineers in energv production are approximately 
Tdentical, 220,000 This is- because decreases in 
emplov ment stemrnihg from an assumed leSser us« 
Til traditional energy sourcet>are counterbalanced 
b\ requirements tor research and develt)pment in 
new technologies and the construction and 
operation of new domestic energv components 

Regardless df the scenarios selected, projections 
indicate that an annual 3-percent growth rate in^ 
employmen^f scientists and engineers is likely to 
be needed to, meet the requirements of the 
economy Compared to the base \ear 1974, the 
f>r'(>poftion af scientists and engiqeers involve^in 
en(;rgy produ^fion, 13 percent, wotiid not change 
significantly Tfius. the energy production sector 
will not make greater proportionate demands on 
the suppiy-of nxjnpo'wer a> time passes 



Dehtriptive Highlights » 

> 

• In 1975, 16 percent of all scientists and engineers 
and 15 percent of the techniciarvs in pri^tc 

^ ^ industry were employed in energy-related ac- 
^ tivities. ![ percent ot all* scientists and 

engineers were engaged in energy-related work 



^ (I»*repared m the Manpo^er^l tili/ation Studies (*r()up. Division of Science Resources Studies ) 



• The largest activity in terms of employment was * 
energy distribution ar^jl storaf e. accounting for 2^ 
percent of the 186,000 scientists and engineers in 
energy-related activities) ii) private industry 

• By type of energy m which scientists and engineers 
were^ involved, electric power was the largest (3^^ 
percent of energy-related employment) foHowed 

^ ^by petroleum (31 percent) ^ 

• Engineers comprised' 82 percent of the total 
scientists and engineers in energy-related activities 
.in private industry 



I tilization of Scientific Personnel in Energy- 
Related Activities in Private Industry, 1975 

In March 1975 a sample survey of establishments in 
the private indastry sector provided information on 
.the utilization of L200.000sciyitist*and engineers and 
about 1 million science and engineering technician^. 
About 70 percent of total scientists^and engineers in tHh 
United States are emplovcd in private industry 

Jhe data show that of tti?" 850.O00 engineers m' 
private indu^ry. 18 percent- Were eraploy^d m energy- 
relAcd activities 4s well a^MO percent of the 330,000 
scientists, and 15 percen(^i6#th9 technicians (chart 1) 

Of all energy-related activities, distribution and 
utilization were the two largest/ Utilizatioji is defined ^ 
as those activities specifically directed at conservatioa. 
improved efficiency or improved environmental 
conditions m energy end-use (chart 2). 

With regard to energy-xelated research and develop-^ 
ment, il percent of the Jicientists and engineers in 



* CHART 1. Total vcipntists, engineers, and techmctm 
employed in private industrv in' energy-related and 
nof^energy-related activities: 1975 
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energy-related activitfes were' employed in research 
an<J development/ These personnel comprised ii 
percent of all R&D scientists and engineers m the 
private industry sector. 

Most scientists and engineers are uivolved with the 
traditional forms of energy Thus, tyo out of ev«ry 
three were concerned with either electric power'or 




some aspect of petroleum Onl\ 2 percent were 
engaged m work on solarencrgy. and oil shale or tar 
sand^Jl^charv 3) • , . 

Ihe energv field is relativeK $%gineermg mtensi\e. 
thus, ol those scientists and engineers m energv. 82 
/percent werj? e^ meers The largest engineering 
specialties are mechanical and electric^il Asone^^ould 
expect, physical scientists made up the bulk of the 
scientist group (char; 4) - 

Shortages of Technfcal Personnel for Energy- 
Relaled Activities iq Private industry 

Jn order tq assess the job-market situation for 
personnel in energv -related activities, several "In-" 
dicators were examined 

It IS difficult to obtain and interpret direct evidence 
oj shortaguK Consequently, a 1975 survev ot 
empjovers involved in energv -related activities, con- 
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ducted lor NSF bv the Universitv ot Illinois.' locuse^S 
on expected objective be ha viQr"b> firms it the tirms 
had difficulties in' obtaining adequate numbers ol 
scientific and t^chnicar personnel^ ' 

• * 

A wide cange of labor-market ' indieatjor«^ was 

e\ami/ied for the period 1972 through 1975 Detailed 
occupational data were collected or\ salaries, quits, 
acwncies. hires, offers, and emplov ment* in energy- 
related industries This studv c()nclucied that the 
variety ot measures employed consistentlv shov\e(J no 
evidence of anv . serioOs shortages ot scientists and 
engineers in Ipte t^5 ' 

However, while no criUcai shorti^es vvere noted, 
there was an apparent trend in the tightening of the job 
market tor some specialties, specificallv petrtileum. 
.mining, metallurgical and materials, chemical, and 
nuclear er^gineers ^ 



CHART 4. Scientists and engineers employed in private industry in energy-related activities by occupation: 1975 
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Ic) update this information, and to determine if 
employer^ \iew' the supplv demand situation" as 
serious. 30 of the largest employers ol energy -related 
science and engineering personnel, representing the 
• nmjor energy productiofvindustnes. uere interviewed 
during March 1977 On an occupation by occupation 
basis, the following emerged ^ 

1) I'hroughout the c^al indQstry there is a need 
for. but a serious shortage yf. newVecipients 
ol bachelor's and master's dcjgrees in mining 
engineerings . ^ * 

2) I he market is also very tight K)r chemical 
. engineers* atuh^bachefcr's and master's level 

a serious shortage exists at ttpe Ph I> level 

3) lliqre IS- -a serious^ shortage ol^etroltum 
engineers at all degree levels 

Available data tor 'starting wage ofter) to collegt 
graduate^s reinforce these conclusions, with petroleum 
and ^mining, and cherrricfit* j^ngineers reeerving the 
htglfest current salary otFers among all disciplines.^ 

A final piece ot evideffce regarding shortages relates 
to the immigration of scientists and engineers 
Regulations requir#such entrants to have a job otfer . 
that the DtTpartment ot Labor has certified as being 
untillable by a*dotriestically available qualitied perst>n. 

In 1975 and 1976 a total of 9.100 natural scientists 
and engineers applieciforentryho the United^ates for 
the purpose of accepting a job\offer in th'eir field A 
Fclafively high proportion ot immigrant applicants in 
the "^hort-supply occupations in energy-related ac- 
tivffies were|:ranted wnrkec certification On the other 
hand, only 26 percent of the applicants in the other 
engineering an(^ natural science specialties were 
granted worker certiticatibn (chart 5) 
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In summary, based on the availabV' job-market 
indicators and employers judgm*ent ^s to the situation, 
energy-related industries seem to haW serious dif- 
ficulties in obtaiuing mining engineers Ijelow the Ph D 
level, petroleum erlgineers at all degree levels, and 
chemical engineers at the Ph D. level with thft 
particular skills required by those ind^trres 

.Comparing 197^ with 1978 projecled ft'achelor's 

. degrt^es provides a rough indicatu^i of vyhether 

students^have responded to tK$ increased dertiand oT 

\h\ market in these fields (chart 6) Total engineering 

, bachelor's in 1978 are projectt^d to be 25 percent higher 

than in 1975 On the other hand, lor ^he short-sujJjply 

fields, petroleum engineering degrees are 167 percent 

greater: mihing 100 percent greater, and chemical 68, 

percent greater F he re fore, the market appears to b^ 

responding ti) the tightness in the case of petroleum. 

tnining, and chemical engineering 
< • 

Prgjecting , Requirements fOf/ Scientists and 
Engineers in Energy -Rejated Activities . 

1^ in order to assess the iong-jange requirements tor 
scientists -and engirycers in energy-related activities. 
NSh supported a .study which has developed a 
forecasting system Fhe work drew on, retmed. and 
integrated a number of manpower and energy models 
developed in recent years The system was desfgned by 
the C enter for Advanced Computation at the I'niver-' 
sity of IHinois ' ^ * ' 

* ^ 

The tirst projections of 1985 scientist and engineer, 
requirements trom this sy^tem incorporate the latest 
alternate energy scenarios specifred by ERDA ^ fhe 
three energy scenaru^s examined are called free 
Imports, Limited Imports, and Limited Imports 
Sxnth^us They imply different final dernand and 
technology patterns • » ^ 

Free Imports assumes that energy consumption in 
the United Estates increases from 1973 V)y -about 36 
percent in 1985. Domestic ertcrgy production in- 
creases, but the grow^th of imports of oil and gas are 
substantial I his scenario assumcs.a real price incrtkise 
ot oil between 19»73 and 1985 of about !(K) percent, and 
assumes current energy efficiency levels 

Eimited Imports "assumes that energy usagv" in- 
' creases by 15 percent and a price increase ot abhut !5(K 
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CHART 6. Increase iif 1978 b&xtkkuin degraes in the natural sciences M angmoeriAg 
compared with those for 197S by selected field ( 
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percent Domestic coal ptoduttion increases substan- 
tially mor^than in Free Imports, rfuclear power grows 
substantially more, and- oil mports are much lower. 

Limited. Imports Synthetics uses the same major 
y assumptions as the Limited Imports one except that oil 
prices increase by about 200 percent, aad eriergy use by 
19 percent In addition, it assumes a program of 
developing synthetic o^l and .gas which involves 
substaatial investment fp constructionists. The two 
Lfmited Imports scenarios assume substantial im- 
provement- in ehergy utilization technology and 
prbcess efficiencies over current levels. 

The overall national level and pattern of outputs of 
goods and services used were derived by the Bureau of 
Labor Statistics from analyses of consumption and 
productbn^studies. The Bureau model has as its major 
assumptions a drop in unempToyment from nearly 8 
percent "^n 1976 to "4 percen^ by'l985, a 2 8-percertt - 
anneal growth in gross national product (GNP), and a 
peacetime economy. In Ihc. Lmnted Imports cases for 
1985, total GN-P is assumed to be 1^5 percent lower 
than in th^ case, a-ndthereare substantial 

differences in output pattern* . assocjated with the 
dif^iprent scenarios; The University of^'Illmois. 
^researchers developed projected manpower to output ' 
coefficients for the energy industry* sectors from a 
direct industry survey. Subsequentapplication of these,' 
coefficients applied to the prqjected outputs, .derived 



by Jnput-output analysis,^ produced estimates of 
energy-related scientists and engineers 

The findmgs of the study ^how that the range of 
requirements in private industry for all scie.ntists and 
engineers and those in energy-related activities under 
the thr^e scenarios is very small. For Free^ Imports, 
projected requirements for private industry total 
employrjient is -1,650,000 rtatural ^scientists and 
engineers, abouHhe sanvs as for the Limited Imports 
cases. The same proportion of the projected, scientists 
and engineers will be employed in energy production* 
under the three scenarios— 13 jigrcent. 

NVhile the lack of significant differences between 
scenarios* may seem surprising, Vveral important and 
related factors must be kept in mind. The Scenarios 
that incorporate development of new domestic 
capabilities'^lso assuThe a reduction in imports with the 
net effect being a lower level of .energy ^use. The 
diminished use of energy reduces not only the toj^I 
demand for scientists and engineers because of lower 
economic activity, blit also th^se involved in energy. 
.Thus, the^ additional manpower requirements to 
construct and operate nuclear power plants, expand 
coal use and synthetics use and to dcf research on new 



He input-oulpuf mafru tomi»f< of nor>er>erg\ cocffictcnt^ projcLtcd h\ the BufcaQof " 
PN^r^ Siatijfics ^nd cncrg\ 1ndu%trv cpefricjcnU developed by thcC enter for Advanwd 
( ompuJatton * - • * * 



technologies are just about sufficient to offset 
manpower reductionsTrom the dechneS iji nonnuclear 
^electric power production, in petroleum extraction and 
. jefining, iij natural " gas procjuction. and\other 
economicxcutbacks r^bulting from reduced energy uj»e. 

Regardless df which of the three scenarios is 
- assumed, -the projections indieate*a likelihood for an 
annual S-ptWignt growth rate in employnent of 
scientists ahji engineers to meet thf requireYnents of tl;ie 
economy between 1974 and 1985 (table I). Compared 
to the-base year 1974, the proportion of scientists and 
engineers involved in energy productfon under the 
assumed 'scenarios doe^ not cl]ange significantly— 
about 13 percent of total private employment. Thus, 
the production of energ y, will ho t nuke, greater 
proportionate (Remands on the supply of manpower as 
time passes ^ _ * 



*ptti.ilti{.s Alii be C4ual til tn i KtCss 4*' short nl rtqmrrmi. nt^. under !ht st.5i inn'^tinj.t.cj 
i^uuld dtptnd i)n tht future suppK nj stitntisis and i.ngin<.i.rs iiilernvtup.U'.mjl moK.lnv 
jnd olhtr tattufs rcJjImg hi Ihi d\ffnnTv.s f>t thi n»K (njrkt. ftir sf.ntis's and m^mnrs 
I hist Utto'^s utH be jnal./id in a Inrthtcirptng \Sf supporttd stud* b^thc i nfvs.rsn\ o! 



TABLE 1 —TOTAL ESTIMATED SCIENTISTS AND ENGINEERS 
IN PRIVATE INDUSTRY BY ENERGY INVOLVEMENT, 1974 
AND PROJECTED 1985^0R A FREE IMPORTS SCENARIO 

'(Numbfrs m thous<indsj ^ 
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Irf considering these projections, itlmubt be r,ealized 
that the numbers "bf scientists and engineers m-t985 
forecast in these scenarios are not predictions but are 
meant to show what mig;ht occur under t+rc many 
assumptions discussed The eventual GNP, energy 
technology, fuel prices and energy ]Kogram adopted by 
the country may vac»s»ybstantially from the assump- 
tions embodied in thesie projections 
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Technical Notes 



! he Jala tm hPS piivalc mduslr v'arvplov nicni v^crc^crivcd honi 
J sMupk Mir\..\ rep[L^eIUlnl• a^l.^KiabhshnurUs o\ (he ifidustrv 
sKLlhf \\k i^^^ data arc not ^tnaK comparable to the I9''4cncrg\- 
rnanp(i\ut d.ita shovwi as the base lor ihc I9S5 proKUioiis siriLC 
th(. I9"4 vlala arc derived troni a i\odI I v^hich relates esiKiiated 
mjrip.iuer relalh)nships' to cner^iN \inpiit> (he* data m 

addmon to the produUion aetiMlicw irili^id<; a^ efier^v-reiated am 
pu.sonnel iinolved in eonsersaliop enXnonmental eoneern> ot 
impfo\uj uiih/atfcon iruner^T c^d-lJ^e hoV'sfrr, the 1974estimales 
and lysS ptoi-.etiynsdonot'iiielude persons Vjihe lattei aaivities In 
addiiii>n, ihC 19^4 estimates relate onU in indkistries invoKetj in the 
^produetKin o\ UKrizv and some ot tTie maivV supphers to those 
inJi.stit.v uhilcthc data represent alhntVstnes Ihe relative 
^indard .rror ol. tht tstiniate lor ihc I (K)0 'ene rg\ -related 
'Lcntisis and uibneers in IS)^S i> 4 percent C^f>^de^ab^ mofL 
d.t i^Mj .ndu^trs olenipiosmcm K(^l) L_yiplovnie'V}5 anpiosmem 
F>> '.nfr-\ sour^t and tvpc of -r^ lat-.d aUiui\ \^!VI^ ; - .mparahk 



d.-fta tor teehnitians ean be iound ir the reports referenced in 
lootnoies 1 and } Intorrnatiop as to the reliabiht\ ul the estimates 
saniphmi proeedures, and meltfodoUigiJs can^aho he lounj m these 
reports \ liniticd number oj these reports \?ill be available fV)m the 
Division ot Seienee Re^outees StudKs. \aiionai Seienee hrn'mda- 
iion Washnsuion, I) C 20550 
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